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(54) Gas for removing a deposit and Its use 

(57) The invention relates to a gas for removing 
deposits by a gas-solid reaction. This gas includes a 
hypof luorrte that is defined as being a compound having 
at least one OF group in the molecule. Various deposits 
can be removed by the gas. and the gas can easily be 
made unharmful on the global environment after the 
removal of the deposits, due to the use of a hypof luorite. 
The gas may be a cleaning gas for cleaning, for exam- 
pie, the inside of an apparatus for producing semicon- 
ductor devices. This cleaning gas comprises 1-100 
volume % of the hypofluorite. Alternatively, the gas of 
the invention may be an etching gas for removing an 
unwanted portion of a film deposited on a substrata 
The unwanted portion can be removed by this etching 
gas as precisely as originally designed, due to the use 
of a hypofluorite. The invention further relates to a 
method for removing a deposit by the gas. This method 
includes the step (a) bringing the gas into contact with 
the deposit, thereby to remove the deposit by a gas- 
solid reaction. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to a gas. that Is, a cleaning or etching gas. for removing deposits by a gas-solid 
reaction and a removal method using the gas. 

[0002] In thin-film device production process of semiconductor industry, optical device production process, super steel 
material production process and the like, various thin films, thidcfilms, powders, whisters and the like are produced, for 
example, by chemical vapor deposition. (CVD), physical vapor deposition (PVD), sputtering, and sol-gel process. Dur- 

10 ing the production of these materials, unnecessary deposits in the form of film, whisker or powder are inevitably formed, 
for example, on a reactor's inner wall and a jig for supporting the object, as well as on the object- This may cause the 
occurrence of unnecessary particles, making it difficult to produce films, powders, whiskers and the like of good quality. 
Thus, it becomes necessary to occasionally remove the unnecessary deposits, for example, by cleaning gas. Such a 
cleaning gas is required, for example, to have (1 ) a high reaction rate at which the cleaning gas reacts with unnecessary 

IS deposits to form volatile compounds, (2) a relative easiness to make the exhaust gas of the cleaning unhamnful. and (3) 
' a relative unstableness in the atmosphere to make the impact on the global warming smaller. Conventional examples 
of the cleaning gas are CaFe. CF4, C4F8, NF3 and GIF3. These compounds, however, have the following defects. Rrstly. 
CIF3 is highly reactive, and thus may do damage to materials conventionally used for the apparatus, when CIF3 is used 
at a high temperature or with the assistance of plasma. Secondly. NF3 is low in reactivity unless the reaction tempera- 

20 ture is at least 300''C. and thus may be impossible to remove unnecessary deposits accumulated in the piping of the 
apparatus and the outside of the plasnrta region. Furthermore, it is necessary to have a high tenrperature in order to 
make the exhaust gas unharmful. Thus, the cost for conducting the cleaning becomes relatively high. Thirdly, each of 
C2F6, CF4 and C4F8 has the following defects. That is. it may be impossible to remove unnecessary deposits accunnj- 
lated in the piping of the apparatus and the outside of the plasma region. Furthermore, a f tuorocarbon(8) will aocumu- 

25 late by the plasma cleaning. If oxygen is added in order to decrease the amount of the accumulation of the 
f luorocarbon(s). an oxide(s) will accumulate instead. Since each of C2F6. CF4 and C4F8 is a very stable compound, it 
is difficult to treat the exhaust gas of the cleaning. In other words, these compounds (gases) will be stably present in the 
environment, and cause adverse impact against the environment due to their high global warming coefficients or fac- 
tors. Thus, it is necessary to have a high temperature for the treatment of the exhaust gas. This makes the cost of the 

30 treatment relatively high. 

[0003] An etching gas, which is analogous to the above-mentioned cleaning gas. is used for partially removing a thin 
film material in order to transfer the circuit pattern, for example, of LSI and TFT. Conventional examples of this etching 
gas are CF4. CgFe. CHF3. SFg, and NF3. These gases have a problem of high global warming coefficient. Furthermore, 
these gases are relatively stable gases. Thus, it is necessary to use a large amount of energy for generating, for exam- 

35 pie. CF3 radicals and F radicals, which are useful as etchant That is. the electric power consumption becomes large. 
Furthermore, it is relatively difficult to treat the unreacted etching gases, prior to the discharge into the atmosphere. 
Therefore, there is an urgent demand for an alternative etohing gas(es) that can easily be made unharmful on the global 
enviromnerrt and is capable of achieving high precision etching. 

40 SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the present Invention to provide a gas for removing deposits, which gas can easily 
be made unharnrful on the glot>ai environment after the removal of deposits. 

[0005] It is a more specific object of the present invention to provide a cleaning gas for efficiently removing unneces- 
45 sary deposits accumulated, for example, in an apparatus for producing semtoonductor devkses, which cleaning gas can 
asily be made unharmful on the global environment after the removal of the deposits. 

[0006] It is another specific object of the present invention to provide an etching gas for removing, as precisely as 
originally designed, an unwanted portion of a film deposited on a substrate, for example, for producing thin film devices 
(e.g., LSI and TFT), which etching gas can easily be made unharmful on the global environment after the removal of 
so the unwanted portion. 

[0007] it is a still another object of the present invention to provkie a method for removing a deposit by the gas. 
[0008] According to the present invention, there is provkJed a gas for removing deposits by a gas-solid reaction. This 
gas comprises a hypofluorite that is defined as being a compound having at least one OF group in the molecule. We 
unexpectedly found that various deposits can be removed by the gas and that the gas can easily be made unharmful 
55 on the global environment after the removal of the deposits. TTie gas may be a cleaning gas for substantially completely 
r moving the deposits. In other words, this cleaning gas is used for cleaning, for example, th inside of an apparatus for 
producing semiconductor devices. This cleaning gas comprises 1-100 volume % of th hypofluorit . W unexpectedly 
found that various unnecessary deposits can efficiently b r moved by th cleaning gas. Furthermore, either of plasma- 
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assisted and plasma-less cleanings is made possibi by the cleaning gas. Alt rnatively. the gas according to the 
present invention may be an etching gas for removing an unwanted portion of a film deposited on a substrate. In other 
words, the etching gas is used, for example, in pattern transfer operations in the product! n of semiconductor drcuHs. 
We unexpectedly found that th unwanted porti n can be removed by th. etching gas as precisely as originally 
5 designed. 

[0009] According to the present invention, there is provided a method for removing a deposit by the gas. This method 
comprises the step (a) bringing the gas into contact with the deposit, thereby to remove the deposit by a gas-solid reac- 
tion. The above-mentioned unexpected findings are also obtained by this method. 

w BRIEF DESCRIPTION OF THE PRAWIN6S 
[0010] 

Fig. 1 1s a sectional view showing a multilayer structure used in the after-mentioned Examples 1-3 and Comparative 
IS Example 1 . which is prior to an etching of a Si02 insulator film with an etching gas; and 
Fig. 2 is a view similar to Fig. 1 , but showing the multilayer structure after the etching. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 [001 1] A hypofluorite according to the present Invention dissociates more easily than, for example, each of CF4, C2F6, 
C4F8, and NF3, and is lower than CIF3 in reactivity. For example, OF bond of a hypofluorite, that is, trifluoromethyl- 
hypof luorite (CF3O-F). has a bond dissociation energy of 43.5 kcal/mol. This value is lower than that (61 kcal/mol) of N- 
F bond of NF3 and higher than that (37 kcalAnoi) of Cl-F of CIF3. In other words. CF3O-F releases active fluorine more 
easily than NF3 and is more stable than QF3. Although CF3O-F does not have a high f luorination strength as that of F2 

25 or CIF3, it is sufficient to make it possible to conduct a plasma-less cleaning. FurthernrK>re. it is possible to remove 
' deposits (contaminants) accumulated in the outside of the plasma region by using an etching gas comprising a 
hypofluorite (e.g., CF3O-F). although it has been impossible by using conventional plasma cleaning gases (e.g., CF4). 
It should be noted that the hypofluorite is much smaller than CIF3 in corrosiveness. That is, the hypofluorite does rela- 
tively little damage to general materials used for, for example, an inner wall of the apparatus. The hypofluorite is decern- 

30 posed in the air. and thus has little to do with the global warming. Furthermore, the cleaning gas or etching gas 
according to the invention discharged from the apparatus can easily be decomposed by water or an alkali aqueous 
solution, for example, of alkali scrubber. Thus, the cleaning gas or etching gas itself is not disdiarged into the environ- 
ment, nor produces global wanviing gases (ag.. CgFg and CF4). Therefore, the cleaning gas or etching gas according 
to the present invention does not cause substantial environmental problems. The etching gas according to the invention 

35 is capable of having a higher etching rate and a higher aspect ratio than those of. for example. CF4. 

[001 2] In the invention, examples of the deposit, which can be removed by cleaning with the cleaning gas or by etch- 
ing with the etching gas. are B, P, W. Si. Ti. V, Nb, Ta, Se, Te, Mo, Re. Os, Ru. Ir. Sb, Ge. Au. Ag, As and Cr. and oxides, 
nitrides, carbides and alloys of these elements. The deposit, which is partially removed by etchir^ with the etching gas, 
may be formed on a substrate, such as silicon wafer, metal plate, glass plate, single crystal plate, or polycrystalline 

40 plate. 

[001 3] In tiie invention, the hypofluorite optionally has at least one selected from halogen atoms, ether groups, alcohol 
groups, carbonyl groups. cart>Qxyl groups, ester groups, amine groups, and amide groups. In general, hypofluor'rtes 
have very great f luorination strengths. Therefore, it may not be preferable in the invention to use a hypofluorite that has 
a reducing group or a bond tiiat is unstable in terms of energy level. Preferable examples of tiie hypofluorite of tiie 

45 invention are CF3OF. CF2(OF)2. CF3CF2OF. CH3COOF. (CF3)3COF. CF2HCF2OF. (CF3GF2)(GF3)2COF. CH3OF. 
CFH2OF. CF2HOF. CF3CF2CF2OF. and (CF3)2CFOF The hypofluorite of tiie invention may be derived from a halogen- 
ated hydrocarbon group, ether, alcohol, carboxylic acid, ester, amine or amide. In tiie invention, it is optional to use a 
hypofluorite that has at least two OF groups in tiie nfK>lecule, because this hypofluorite has a reactivity analogous to 
another hypofluorite having only one OF group in tiie molecule. 

so [001 4] in tiie invention, it is optional to use a hypofluorite itself as a cleaning gas. That is. this cleaning gas contains 
100% of tiie hypofluorite. This cleaning gas is capable of completely cleaning deposits, which have been deposited on 
the inside of a chamber and its exhaust pipes. These deposits may be CVD by-products or unnecessary deposits made 
of materials that are the same as the materials of films formed on. for example, silicon wafer and glass substrates. Fur- 
thermore, tiie cleaning gas of the invention can be used for cleaning a multi-chamber type CVD apparatus, various 

55 batch-type CVD apparatuses, a CVD apparatus for epitaxial growth, and tiie like. The manner of exciting the cleaning 
gas is not partfoularly limited. F6r example, high frequency or miaowave may be used for tiie excitation, depending on 
tiie type of til apparatus. It is opti nal t excite th cleaning gas in tii inside of th ractionchamber.Alternatively.it 
is optional to take a remote plasma method in which til cleaning gas is excited in tii outsideof the reacti n chamber, 
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and then radical or ion is introduced into the reaction chamber. 

[0015] in the invention, it is optional to prepare a cleaning gas by mixing a hypofluorite with an Inert gas (e.g., H , N2 
and Ar) and/or at least one gas component selected from oxygen and oxygen-containing gases (e.g., CO2P CO. NO, 
NO2, and N2O). In lact. if deposits containing no oxygen are repeatedly removed, a very small amount of an organic 

5 fluoride having a white color accumulates on a low tenrperature portion of the exhaust pipe(s) of the apparatus. This 
organic fluoride is assumed to be a polymer made from ions and radicals, such as CF3O*, CFs* and CF2'*^, derived from 
the hypofluorite. We unexpectedly found that the formation of this organic fluoride is prevented by mbdng a hypofluorite 
with the above-mentioned at least one gas component. Although COg and CO of the at least one gas component each 
contain carbon, which Is an element causing the formation of the organic fluoride, these compounds each contain oxy- 

10 gen in the nrK>lecules, too. Therefore, it becomes possible to make F-radlcals long in lifetime. This may prevent the for- 
mation of the polymer. In particular, It is preferable that the at least one gas component is in an amount from 0.4 to 90 
volume %, based on the total volume of the at least one gas component and the l^of luorite. If it is less than 0.4 volume 
%, carbon may remain on the wall of the reactor or the piping after the cleaning. If it is greater than 90 volume %, the 
oxidation of the surface of the deposit may occur predominantly. This may lower the cleaning rate too much. 

15 [001 6] In the invention, as mentioned above, the cleaning gas may be a hypofluorite itself or a mixture of a hypofluorite 
and the at least one gas component selected from oxygen and oxygen-containing gases. Furthermore, the cleaning gas 
may be diluted with an inert gas (e.g., nitrogen, argon and helium). A suitable cleaning gas is chosen, depending on the 
type and thickness of the deposit to be removed, the type of the material of the apparati^. and the like. In case that the 
cleaning gas is diluted, the hypofluorite concentration of the diluted cleaning gas is preferably at least 1 volume %. more 

20 preferably at least 5 volume %. still more preferably at least 1 0 volume %. If it is less than 1 volume %. the reaction rate 
may become too low. 

[001 7] In the invention, the cleaning conditions are not particularly linrtited. The temperature of the cleaning is prefer- 
ably from 10 to TOO^'C, more preferably from 20 to 600**C. if it is higher than 700°C. the reactor may concede too much. 
If it is lower tiian lO^'C. the reaction rate of the cleaning may become too low. The pressure of the cleaning Is not par- 
25 ticularly limited. In fact. It is preferat)ly from 0.1 to 760 Torr in plasma-less cleaning and preferably from 1 m Tonr to 10 
Torr in plasma-assisted cleaning 

[0018] In the invention, the etching manner and the reaction conditions of the etching, in which the etching gas of the 
invention is used, are not particularly limited. For example, the etching may be reactive ion etching (RIE) or electron 
cyclotron resonance (ECR) plasma-assisted etching. Due to the use of a hypofluorite for the etching gas, fluorine radi- 

30 cals reach the surface of a Si02 insulator film 2 that is to be partially removed by the etching gas (see Fig. 1 ). Further- 
more. CFn ions impinge on the surface of the film 2. With this, the film 2 is etched away in a vertical direction, thereby 
to form, for example, a contact hole in the film 2. as shown in Fig. 2. The side walls of the contact hole are protected by 
the accumulation of a f luorocarbon polymer, thereby to achieve an anisotropic etching. In particular, a large amount of 
CF^^ ions are produced, as well as fluorine radicals, in plasma by the hypofluorite. Therefore, the etching gas of the 

35 invention is superior in etching efficiency. Furthermore, the etching gas of the invention contains oxygen of tiie 
hypofluorite. With this, a f luorocarbon film accunrulated on tiie side walls of tiie contact hole can efficientiy be removed, 
thereby to conduct an anisotropic etching. 

[0019] In tiie invention, the etching can be conducted under various dry etching conditions, for exanrtple, of plasma 
etching, reactive plasma etching, and microwave etching. The etching gas of the invention may t>e prepared by mixing 

40 a hypofluorite with an inert gas (e.g.. He. N2 and Ar) and/or at least one other gas selected from, for example. HI. HBr. 
HCI, CO. NO, O2. CH4, NH3, H2, C2H2, and C2H6. In fact, it is preferable to add. to the hypofluorite, at least one first gas 
component selected from hydrogen and hydrogen-containing gases (e.g., CH4, NH3, HI, HBr. C2H2. and HCI). in tiie 
preparation of tiie etching gas. for the purposes of (1) reducing the amount of fluorine radicals, which accelerate iso- 
tropic etching, and (2) increasing the reaction selectivity toward Si02 over Si. Furthermore, tiie flow rate ratio of the at 

45 least one first gas component to tiie hypofluorite is preferably not greater than 10:1. If tills ratio is greater than 10:1. tiie 
anfiount of fluorine radicals, which are useful for tiie etching, may becorfie too low. It is preferable to add, to tiie 
hypofluorite. at least one second gas component selected from oxygen and cxygen-containlng gases (e.g.. CO. NO, 
N2O, and NO2). in tiie preparation of the etching gas, for the purpose of increasing the etching rate of metals over 
oxides and nitrides. It is particulariy preferable that the fbw rate ratio of tiie at least one second gas component to tiie 

so hypofluorite is not greater than 4:1 . If tills ratio is greater tiian 4:1 . tiie amount of fluorine radicals, which are useful for 
the etching, may become too low. 

[0020] In the invention, the gas pressure of the etching is preferably not higher than 5 Torr, in order to conduct aniso- 
tropic etching. If tiie gas pressure is lower than 0.001 Torr, tiie etching rate m^ t>ecome too slow. The flow rate of tiie 
etching gas may vary, depending on the reactor capacity of the etching apparatus and the size of wafer, and is prefer- 
55 ably from 1 0 to 1 0.000 standard cubic centimeters per minute (8CCM). The etching is conducted at a temperature pref- 
rably not higher tiian 400''C. If this t mp rature is greater tiian 400<*C. the etching may proceed isotropically This 
lowers th etching precision, and ttie resist may be etched away too much. If th etching gas comprises tiie above-m n- 
tioned at least one first and/or second gas c mponent. it becomes possible, for exampi . to increase tii etching rat 
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selectivity toward the silicon oxid film over the silicon film in the preparation of the contact h le. 
[0021] The following nonltmitative Examples are illustrative of the present invention. 

EXAMPLES 1-4 

[0022] In each of these examples, a test piece was prepared at first by thermally oxidizing the surface of a silicon 
wafer and then by forming a polycrystalline silicon film having a thickness of 200 ^m through a thermal decomposition 
of SiH4. This test piece was put on the lower electrode of a plasma CVD apparatus. Then, the test piece was sidsjected 
to an etching for 30 seconds by applying a high frequency or RF (radio frequency) power to the lower electrode and by 
feeding an etching gas. shown in Table 1. having a pressure of 0.5 Ton', a flow rate of 100 SCCM and a temperature of 
20**C. In this etching, the frequency of the high frequency power source was 13.56 MHz. the power applied to the lower 
electrode was 0.2 W/cm^. and the distance between the lower and upper electrodes was 10mm. The result (etching 
rate) of the etching is shown in Table 1 . 



Table 1 





Etching Gas 


Etching Rate (A/mIn) 


Example 1 


CF3OF 


8.105 


Example 2 


CF3CF2OF 


7.769 


Examples 


(CF3)3COF 


9.606 


Example 4 


CF2(OF)2 


20,832 



EXAMPLES 5-44 & COMPARATIVE EXAMPLE 1 

[0023] In these examples and comparative example. Examples 1 -4 were repeated except in that the etching gas types 
were changed as shown in Table 2. that the etching gas pressure was 10 Torr in place of 0.5 Torr, that the gas temper- 
ature was changed as shown in Table 2. and that the application of a high frequency power was omitted. The results 
(etching rates) are shown in Table 2. 



Table 2 





Temp. (>C) 


Etching Gas 


Etching Rate (A/min) 


Example 5 


20 


CF3OF 


1.040 


Examples 




CF2{OF)2 


1.953 


Example 7 




CF3CF2OF 


990 


Example 8 




(CF3)3COF 


960 


Example 9 




CF2HCF2OF 


780 


Example 10 




(CF3CF2)(CF3)2COF 


970 


Example 1 1 




CF3OF 


480 


Example 12 




CFHgOF 


660 


Example 13 




CF2HOF 


770 


Example 14 




CF3CF2CF2OF 


910 


Example 15 




(CF3)2CFOF 


930 


Example 16 


100 


CF3OF 


3.230 


Example 17 




CF2(OF)2 


4.385 


Example 18 




CF3CF2OF 


2.780 
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Table 2 (oontinued) 





Temp. (°C) 


Etching Gas 


Etching Rate (A/mIn) 


Example 19 


200 


CF3OF 


9,810 


Example 20 






10,259 


Example 21 




CF3CF20F 


6.620 


Examole 22 


300 


CF30F 


20,500 


Example 23 




CFo(OF)o 


49.853 


Examole 24 




CFsCFgOF 


9,880 


Example 25 


400 


CF3OF 


32,900 


Example 26 




CFp(0F)2 


59,560 


Example 27 




CF3CF2OF 


14,700 


Com Ex 1 




CFa 


0 


Fyamnip 28 


500 


CF3OF 


53,600 








71,265 






CF3CF2OF 


23.000 




600 


CF3OF 


78.800 


Cvamnle S2 




CFofORo 

\yr2\^'^7Z 


98,654 


cjiaiiifjio WW 




CFqCFoOF 


37,100 


rmciiii|>/io w"r 


700 


CF30F 


99,600 


ExamDie 35 






115,893 


ExamDie 36 




CF3CF20F 


45.200 


Example 37 




(CF3)3COF 


37.000 


Example 38 




CF2HCF2OF 


31,000 


Example 39 




(CFaCFaXCFgfeCXJF 


34.500 


Example 40 




CF3OF 


25.000 


Example 41 




CFH2OF 


31,500 


Example 42 




CF2HOF 


33.000 


Example 43 




CF3CF2CF2OF 


36,000 


Example 44 




(CF3)2CFOF 


35,200 



EXAMPLE 45 

[0024] In this example, a plasma CVD was conducted by using tetraethylsilicate (TEOS) and oxygen as raw materials, 
in an apparatus for conducing the plasma CVD. With this, SiOg having a thickness of about 0.05 to about 20 ^m depos- 
ited on the wall of the apparatus. The inside of the apparatus was cleaned at 20**C for 20 min by feeding cleaning gases 
of CF3OF. CF2(OF)2 and CF3CF2OF by turns and by applying a high frequency power to the lower electrode of the 
apparatus. Each cleaning gas had a pressure of 1 Torr and a flow rate of 100 SCCM. In this etching, the frequency of 
the high frequency power source was 13.56 MHz, the power applied to the lower electrode was 0.2 W/cm^, and the dis- 
tance between the lower and upper electrodes was 50mm. It was found by an ofc)servaAion of the inside of the apparatus 
that the Si02 was completely removed by the cleaning with each cleaning gas. 

EXAMPLE 46 

[0025] A tungsten film was formed by a thermal CVD in a c Id wall type apparatus for conducting th CVD. Th n. It 
was found that the t mperatur in the vicinity of a heater disp sed in the reactor was 500*C. that the temp ratureofa 
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gas diffusion plate was 40°C, and that th t mperatur f the reactor wall was from 20 to 300**C. Furthermore, it was 
found that unnecessary tungsten films deposited in many positions in the apparatus. The thickest tungsten film depos- 
ited therein had a thickness of akx>ut 120 jum. It was further found that a tungsten oxide powder deposited In the piping 
of th apparatus. After the formation of tiie tungsten film, a first cleaning was conducted by allowing a cleaning gas of 

5 CF3OF to flow through the apparatus at a flow rate of 1 standard liter per minute (SLM) for 30 minutes. Then, it was 
found by an observation of the inside of the apparatus tiiat the tungsten f Qm of the inside of ttie reactor and the tungsten 
oxkJe powder of the piping were completely removed by tiie first cleaning. Then, a tungsten fflm vms formed again in 
the same manner as above in the apparatus. After UnaX, a second cleaning was conducted in the same manner as that 
of the first cleaning except In that CF3OF was replaced witii CF3CF2OR Then, a tungsten film was formed again in the 

10 same manner as above In the apparatus. After tiiat. a third cleaning was conducted in the same manner as that of the 
first cleaning except in tiiat CF3OF was replaced with (CF3)3COR Similar to ttie above, it was found by an observation 
of tiie Inside of the apparatus that the tungsten film of tiie inside of ttie reactor and the tungsten oxide powder of ttie 
piping were completely removed by ttie second and ttiird cleanings. 

IS EXAMPLE 47 

[0026] At first, four test pieces were prepared by a ttiermal CVD by respectively fbmiing a tungsten (W) film, a WSi 
film, a TiC film and a Ta205 film on four nickel substrates each having a lengtii of 10 mm and a widtii of 20 mm and a 
ttitekness of 2 mm. Each film had a thickness of 50 ^m. Then, tiiese four test pieces were put on the lower electrode of 

20 a plasma CVD apparatus. Then, an etching was conducted for 10 min at 20*C by allowing an etching gas of CF3OF to 
flow through ttie apparatus and by applying a high frequency power to ttie lower electrode. This etching gas had a pres- 
sure of 0.5 Tonr and a flow rate of 100 SCCM. In this etching, ttie frequency of ttie high frequency power source was 
13.56 MHz, ttie power applied to ttie lower electrode was 0.2 W/cm^. and ttie distance between ttie lower and upper 
electrodes was 50mm. After tiie etching, the test pieces were taken out of the CVD apparatus and then analyzed witti 

25 an X-ray microanalyzer. Witti tiiis. ttie peaks of W, Si. Ti and Ta were not found. 

EXAMPLE 48 

[0027] In tills example. Example 47 was repeated except in ttiat a Mo film, a Re film and an Nb film, each having a 
30 thickness of 50 ^m, were respectively formed on tiiree nickel substrates each having ttie same dimensksns as tiiose of 
Example 47 and tiiat the etching was conducted for 3 min. The peaks of Mo. Re and Nb were not found kiy an analysis 
with X-ray microanalyzer. 

EXAMPLE 49 

35 

[0028] In this example. Example 47 was repeated except in tiiat a TIN film and a Tt film, each having a ttilckness of 5 
Jim, were respectively formed by sputtering on two nickel substtates each having ttie same dimensions as ttiose of 
Example 47. The peak of Ti was not found by an analysis wtti X-ray microanalyzer. 

40 EXAMPLE 50 

(0029] In this e)ample. Example 47 was repeated except in ttiat an Au film, an Ag film and a Cr film, each having a 
thickness of 2 ^im, were respectively fbmied by vacuum deposition on ttiree nickel substrates each having ttie same 
dimensions as those of Example 47, that ttie etching gas flow rate was 10 SCCM. and tiiat tiie power applied to the 
45 lower electrode was 0.31 5 W/cm^. TTie peaks of Au, Ag and Cr were not found by an analysis witti X-ray ntooanalyzer. 

EXAMPLE 51 

[0030] At first, a nickel vessel was charged witii commercial phosphorus (white phosphorus). Ta, As. Qe. Se and B 
50 powders, each being in an amount of 5 mg. TTien. tiie nickel vessel was put on tine lower electrode of a plasma CVD 
apparatus. Then, an etching was conducted for 1 0 min at 20'»C by allowing an etching gas of CF3OF to flow through ttie 
apparatus and by applying a high frequency power to ttie lower electrode. This etching gas had a pressure of 1 Ton* and 
a flow rate of 10 SCCM. In this etching, tiie frequency of the high frequency power source was 13.56 MHz, the power 
applied to the lower electrode was 0.315 WcirP, and ttie distance between tiie tower and upper electrodes was 50mm. 
55 After tiie etching, it was found by an observation of the vessel and tiie inside of ttie apparatus tiiat all ttie powders were 
completely removed. 
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EXAMPLES 52-64 

[0031] In each of thes examples, a silicon film was formed by using SiH4 as a raw material in an apparatus. Aft r 
that, there were found in the apparatus silicon and polysilane powders, which were deposited in a reactor of the appa- 

5 ratus. and a polysilane powder, which was deposited in the piping of the apparatus. This piping is outside of the plasma 
region. Then, a plasma-assisted cleaning was conducted a certain times as shown in Table 3 for 30 min per one time 
of the cleaning for the purpose of removing these powders of the apparatus. In this cleaning, a cleaning gas of CF3OF 
was allowed to flow through the apparatus at a flow rate of 1 SLM under a pressure of 1 Ton'. Furthermore, oxygen and 
nitrogen were selectively allowed to flow therethrough, as shown in Table 3. During the cleaning, the temperature of the 

10 inside of the piping was acC. and that of the inside of the reactor was from 40 to 400°C. After the cleaning, the inside 
of the apparatus was observed, and the result of this observation is shown in Table 3. In Table 3, O means that the 
powders were completely removed from the inside of the reactor and the piping, and the deposition of an organic fluo- 
ride did not occur; a means that the powders were completely removed from the inside of the reactor and the piping, 
but the deposition of an organic fluoride in the fbrm of powder or film was found at an end portion (particularly a tow 

IS tennperature portion) of the piping; and □ means that a silicon oxide formed by oxidation of the polysilane powder 
deposited. In each of Examples 52-64. at least the inside of the reactor was cleaned. 



Tabled 





O2 Flow Rate (SCCM) 


N2 Flow Rate (SCCM) 


The Number of Clean- 
ings (tinne(s)) 


Observation Result 
after Cleaning 


Example 52 


0 


0 


1 




Example 53 


0 


0 


2 


0 


Example 54 


0 


0 


3 


A 


Example 55 


1 


0 


3 


A 


Example 56 


3 


0 


3 


A 


Example 57 


4 


0 


3 


0 


Example 58 


4 


0 


10 


A 


Example 59 


100 


0 


10 




Example 60 


500 


0 


10 




Example 61 


50 


50 


10 


0 


Example 62 


5.000 


0 


10 


0 


Example 63 


8,000 


0 


10 


0 


Example 64 


9.000 


0 


10 


□ 



EXAMPLES 65-70 

45 [0032] In each off these examples, a silicon film was formed in an apparatus by using SiH4 as a raw material. After 
that, there were found in the apparatus silicon and polysilane powders, which were deposited in a reactor of the appa- 
ratus, and a polysilane powder, which was deposited in a piping of the apparatus. This piping was outside of the plasma 
region. Then, a plasma-assisted cleaning was repeatedly conducted for 30 min per one time of the cleaning for the pur- 
pose of renrwing these powders of the apparatus. In this cleaning, a cleaning gas of CF3OF was allowed to flow 

50 through the apparatus at a flow rate of 1 SLM under a pressure of 1 Torr. Furthermore, an oxygen-containing gas shown 
in Table 4 was allowed to flow therethrough, together with CF3OR During the cleaning, the temperature of the inside of 
the piping was 20*'C, and that of the inside of the reactor was from 40 to 400''C. After the cleaning, the inside of the 
apparatus was observed, and the result of this observation is shown in Table 4. In Table 4. O means the same as that 
of Table 3 of Examples 52-64. 

55 
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Table 4 





Oxygen-conlaining Com- 
pound 


Flow Rate of Oxygen- 
containing Compound 
(SCCM) 


Observation Result after 
Cleaning 


Example 65 


CO2 


20 




Example 66 


CO 


50 


0 


Example 67 


NO 


20 


0 


Example 68 


NO 


100 




Example 69 


NO2 . 


5 


0 


Example 70 


N2O 


10 


0 



EXAMPLE 71 

20 [0033] A thermal CVD was conducted in an apparatus such that a tungsten film having a thickness from 10 to 20 jim 
was deposited on the wall of a reactor of this apparatus. Separately, a mechanism for exciting a gas with microwvave was 
attached with the reactor via a piping. Then, a remote plasma-assisted cleaning of the apparatus was conducted for 10 
min using microwave plasma. In this cleaning, a cleaning gas of CF3OF was allowed to flow at a flow rate of 1.000 
SCCM under a pressure of 0.1 Torr. The microwave output was SOW (13.56 MHz), and the substrate temperature was 

25 la^'C. After the cleaning, it was found that the inside of the reactor was completely cleaned and that a powder (i.e.. a 
mixture of tungsten and tungsten oxide) deposited In the piping was completely removed. 

EXAMPLE 72 

30 [0034] In this example, Example 71 was repeated except in that CF2(OF)2 was used as the cleaning gas. After the 
cleaning, it was found that the inside of the reactor was completely cleaned and that a powder 0.e., a mixture of tung- 
sten and tungsten oxide) deposited in the piping was completely removed. 

EXAMPLES 73-75 & COMPARATIVE EXAMPLE 2 

35 

[0035] In each of these examples and comparative example, as shown in Hg. 1 , a multilayer structure was prepared 
by forming a SiOa insulator film 2 and a resist mask 3 on a single crystal silicon wafer 1 . Then, an opening was formed 
in the resist mask, as illustrated in Rg. 1. After that, the multilayer structure shown in Rg. 1 was put into an etching 
apparatus equipped with a power source for supplying a high frequency power of 13.56 MHz. Then, an etching of an 

40 exposed portion of the Insulator film 2 was conducted for the purpose of making a contact hole in the insulator film 2. 
as shown in Rg. 2. In the etching, an etching gas shown in Table 5 was allowed to flow through the apparatus at a flow 
rate of 50 SCCM under a pressure of 0.02 Torr with a RF (radio frequency) power density of 2.2 W/cm^. After the etch- 
ing, the etching rate of this etching, the selectivity of the etching toward the insulator film 2 over the resist 3, and the 
aspect ratio were determined, and their results are shown in Table 5. Furthermore, the loss of shoulder portions 4 of the 

45 resist 3 (see Rg. 2) was checked, and its result is also shown in Table 5. 



Table 5 





Etching Gas 


Etching Rate (A/imin) 


Selectivity 


Aspect Ratio 


Loss of Shoulder Por- 
tions 


Example 73 


CF3OF 


5.453 


6 


At least 7 


No 


Example 74 


C2F5OF 


4.026 


7 


At least 7 


tto 


Example 75 


CF2(OF)2 


7.563 


6 


Atleaste 


No 


Com. Ex. 2 


CF4 


608 


4 


5 


Yes 
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EXAMPLE 76 

[0036] In this example. Example 73 was repeated except in that an argon gas with a flow rate of 200 SCCM was 
added to the etching gas (CF3OFO of Example 73 and that the flow rate of CF3OF was 10 SCCM. 

EXAMPLES 77-84 

[0037] In each of these examples. Example 73 was repeated except in that a hydrogen-containing gas with a flow rate 
shown in Table 6 was added to the etching gas (CF3OF) of Example 73 and the flow rate of CF3OF was changed as 
shown in Table 6. In fact, the total flow rate of CF3OF and the hydrogen-containing gas was adjusted to 100 SCCM in 
Examples 77-84, as shown in Table 6. The results of the etching rates of the insulator film 2, which is made of Si02. and 
the silicon wafer 1 . which is made of Si. are shown in Table 6. It is understood from Table 6 that the etching rate of the 
silicon wafer 1 has decreased drastically with the Increase of the flow rate of the hydrogen-containing gas. and in con- 
trast the etching rate of the Si02 Insulator film was relatively stable even with the increase of the flow rate of the hydro- 
gen-containing gas. In other words, it is understood that the SiOa insulator fBm can selectively be etched away by 
adding a hydrogen-containing gas into the etching gas (i.e., hypofluorite), over the silicon wafer. Furthermore, similar 
results of the etching rates were also obtained by respectively using GH4. HI. HOI and HBr as hydrogen-containing 
gases. 



Tables 





Flow Rate of 
CF3OF (SCCM) 


Hydrogen-contain- 
ing Gas 


Flow Rate of Hydro- 
gen-containing Gas 
(SCCM) 


Etching Rate (A/min) 










Insulator Film 


Silicon Wafer 


Example 77 


100 


H2 


0 


5.560 


40,856 


Example 78 


99.9 


H2 


0.1 


5.560 


38.856 


Example 79 


99 


H2 


1 


5.560 


18,856 


Example 80 


90 


H2 


10 


5,260 


5.189 


Example 81 


70 


Hg 


30 


5.240 


889 


Example 82 


60 


H2 


40 


5.060 


11 


Example 83 


10 


H2 


90 


3.596 


0.5 


Example 84 


60 




40 


5.010 


9 



EXAMPLE 85 

[0038] In this example, a first etching was conducted by etching a tungsten film in the same way as that of Example 
73. The etching rate of the first etching was 39,554AMiin. A second etching was conducted in the same way as that of 
the first etcNng except in that oxygen with a flow rate of 10 SCCM was added to the etching gas (CF3OF). The etching 
rate of the second etcNng was 400.259A/nfiin. A third etching was conducted in the same way as that of the first etching 
except in that the tungsten film was replaced with a Si02 film. The etching rate of the third etching was 5,453A/min. A 
fourth etching was conducted in the same way as that of the third etching except in that oxygen with a flow rate of 10 
SCCM was added to the etching gas (CF3OF). The etching rate of the fourth etching was 9.865A/min. It is understood 
from the etching rates of the first to fourth etchings that the etching rate of a metal film (tungsten film) increases more 
greatly by adding oxygen to an etching gas, than that of an oxide film (Si02) does. 

[0039] The entire cfisdosure of each of Japanese Patent Application Nos. 9-349536 filed on December 18. 1997. 10- 
239338 filed on August 26. 1998. and 1 0-239339 f Ded on August 26. 1 998. including specification, claims, drawings and 
summary, is incorporated herein by reference in its entirety. 

Claims 

1 . A gas f r removing a deposit by a gas-solid reaction, said gas comprising a hypof lu rite. 
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2. A gas according to claim 1 , wherein said hypof lu rite Is defined as being a compound having at least one OF group 
in the nnolecuie and optionally having at least one selected from the group consisting of halogen atoms, ether 
groups, alcohol groups, cartx>nyl groups, cartx»yl groups, ester groups, amine groups, and amide groups. 

3. A gas according to claim 2. wherein said hypofluorite is selected from the group consisting of CF3OF, CF2(OF)2, 
CF3CF2OF. CH3COOF. (CF3)3COF, CF2HCF2OF, (CF3CF2)(CF3)2COF, CH3OF, CFH2OF, CFgHOF, 
CF3CF2CF2OF. and (CF3)2CFOF 

4. A gas according to claim 1 , further comprising an inert gas. 

5. A gas according to claim 1 . wherein said deposit is selected from the group consisting of B. P. W. Si. Ti. V. Nb. Ta. 
Se, Te. Mo. Re. Os, Ru, Ir. Sb. Ge. Au. Ag, As and Cr, and oxides, nitrides, carbides and allo/s of these elemerrts. 

6. A gas according to claim 1 , wherein said gas is a cleaning gas for substantially completely removing said deposit, 
said cleaning gas comprising 1-100 volume % of said hypofluorite. 

7. A gas according to daim 6, wherein said cleaning gas further comprises at least one gas component selected from 
the group consisting of oxygen and oxygen-containing gases. 

8. A gas according to claim 7. wherein said at least one gas component is in an amount from 0.4 to 90 volume %, 
based on a total volume of said at least one gas component and said hypofluorite. 

9. A gas according to claim 7. wherein said oxygen-containing gases are CO2. CO. NO. NO2. and N2O. 

10. A gas according to claim 6, wherein said cleaning gas has a temperature from 10 to 700**C. 

1 1 . A gas according to daim 6, wherein said deaning gas has a first pressure from 0. 1 to 760 Torr. when said deaning 
gas is used in a plasma-less cleaning, or a second pressure from 1 mTorr to 1 0 Torr, when said deaning gas is used 
In a plasma-assisted cleaning. 

12. A gas according to claim 1 , wherein said gas is an etching gas for rertKiving an unwanted portion of said deposit 

1 3. A gas according to claim 1 2. wherein said etching gas further comprises at least one first gas component selected 
from the group consisting of hydrogen and hydrogen-containing gases. 

14. A gas according to claim 13, wherein said hydrogen-containing gases are CH4. NH3, HI, HBr. C2H2. and HCI. 

1 5. A gas according to claim 1 3, wherein a ratio by volume of said hypofluorite to said at least one first gas component 
is at least 1:10. 

1 6. A gas according to claim 1 2. said etching gas further comprises at least one second gas component selected from 
the group consisting of oxygen and oxygen-containing gases. 

17. A gas according to claim 16. wherein said oxygen-containing gases are CO. NO. N2O. and NO2. 

18. A gas according to daim 16. wherein a volume ratio of said hypofluorite to said at least one second gas component 
is at least 1:4. 

19. A gas according to clatm 12, wherein said gas has a pressure from 0.001 Torr to 5 Torr. 

20. A gas according to claim 12, wherein said gas has a temperature of not higher than 400°C. 

21 . A method for removing a deposit by a gas. said method comprising the step of: 

(a) bringing said gas into contact with said deposit thereby to remove said deposit by a gas^lld reaction, 
wherein said gas comprises a hypofluorite. 

22. A method according to daim 21, wherein said gas is a deaning gas for substantially complet ly removing said 
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deposit, and said cleaning gas comprises 1-100 volume % of said hypcflu rit . 

23. Am thod according to claim 22, wherein said cleaning gas further comprises at least n gascomp nent selected 
from the group consisting of oxygen and oxygen-containing gases. 

24. A niethod according to daim 23, wherein said at least one gas component is in an amount from 0.4 to 90 volume 
%, based on a total volume of said at least one gas component and said hypofluorite. 

25. A method according to daim 23. wherein oxygen-containing gases are CX)2, CX), NO, NO2, and N2O. 

26. A method according to daim 22. wherein the step (a) is conducted at a temperature from 10 to 700"C. 

27. A method according to daim 22. wherein the step (a) is conducted under a first pressure from 0.1 to 760 Ton* in a 
plasma-less deaning or a second pressure from 1 mTorr to 10 Ton^ in a plasma-assisted deaning. 

28. A method according to claim 21, wherein said gas is an etching gas for rennoving an unwanted portion of said 
deposit. 

29. A method according to claim 28, wherein said etching gas further comprises at least one first gas component 
selected from the group consisting of hydrogen and hydrogen*containing gases. 

30. A method according to daim 29, wherein said hydrogen containing gases are CH4. Ni-13. HI, HBr. C2H2, and HCI. 

31. A method according to claim 29, wherein the step (a) is conducted under a condition that a flow rate ratio of said 
hypofluorite to said at least one first gas component is adjusted to t>e at least 1 :10. 

32. A method according to claim 28. said etching gas further comprises at least one second gas component selected 
from the group consisting of oxygen and oxygen-containing gases. 

33. A method according to daim 32. wherein said oxygen-containing gases are CO, NO, N2O, and NO2. 

34. A method according to claim 32, wherein the step (a) is conducted under a condition that a flow rate ratio of said 
hypofluorite to said at least one second gas component is adjusted to be at least 1 :4. 

35. A method according to daim 28, wherein the step (a) is conducted under a pressure from 0.001 Ton* to 5 Torr. 

36. A method according to daim 28, wherein the step (a) is conducted at a temperature of not hi^er than 400°C. 

37. A method according to claim 28. wherein a flow rate of said etching gas in the step (a) is from 1 0 to 1 0.000 standard 
cubic centimeters per minute. 
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FIG.1 



FIG.2 
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